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i 1 54 1 Title: PROCESS FOR ISOLATING GLYCOMACROPEFTIDE FROM DAIRY PRODUCTS WITH A PHENYLALANINE 
i IMPURITY OF 0.5 WW 

(57 1 Abstract 

A process for purifying GMP from m Ik. derive*, starting materials on a production level scale is disclosed therein the punned 
GMP has an amino acid composition containing not greater than about 0.5 9fc(w/w) phenylalanine i.PHE). Such a punned GMP product 
, may be used as a dietary supplement for PKU patients. Tne process comprise.; contacting a GMP containing feedstock with an anion 
', exchanger tinder conditions which adsorb the GMP. eluting the GMP, removing the Impurities therefrom in a number of alternative ways, 
j and recovering the purified GMP. 
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PROCESS FOR ISOLATING GLYCOMACROPEPTIDE FROM DAIRY PRODUCTS WITH A PHENYLALANINE 
IMPURITY OF 0.5 %W/W 



TECHNICAL FIELD 



5 This invention reiates to a process for isolating glycomacropeptide (GMP) from a 
feedstock. Mors particularly, it relates to the isolation of GMP to a purity under which 
it has an amino acid composition containing less than 0.5% w/w of phenyl alanine (PHE). 

GMP is one of a number of names for the peptide split off from K-casein by the enzymes 
10 chymosm and/or pepsin. The peptide is also known as casern macropeptide (CM) or 
casern derived peptide (CDP). 

GMP is found in sweet wheys. GMP carries all of the carbohydrate groups of the parent 
K-casein protem. K-casein is the only casern protein which is glycosylated. Another 

15 feature is that when the pH of a solution of GMP is less than 4 the molecular weight is 
9000 Da. When the pPI is greater than 4, the GMP apparent molecular weight increases 
to 45000 Da. When concentrating solutions of GMP by ultrafiltration it is preferable for 
the solution to have a pH >4 unless the membrane cut-off is < 10,000 Da. A further 
feature Df GMP is that it does not contain any aromatic amino ac:ds including PHE in its 

20 structure. 



GMP has a number of potential therapeutic uses as well as having functional properties 
which make it very useful as an ingredient in food compositions. One important utility 
is as a nutritional component for use in the diets of persons suffering from 

25 phenylketonuria (Marshall 5, (1991), Food Res Quarterly. 5_L 86-9 1 ). Phenylketonurias 
lack PHE hydroxylase m their metabolic system. Therefore, they are unable to utilise 
PHE present in foods. This can result in a sufficient accumulation of PHE to cause 
irreversible mental retardation. In order for GMP to be safe for use in feeding to 
pheynlketonurics the PHE level should be as low as possible. A representative product 

30 specification would require that the PHE level be 0.5% w/w 3r less and it would be 
desirable to have a method of isolating GMP to such a low level of PHE impurity on a 
production level scale. 



BACKGROUND ART 

35 

.Although a number of processes for isolating GMP are known, none of those processe s 
have been shown to be capable of producing GMP having 0.5% w/w or less PHE impurity 
on a production level scale. One reason for this is that a GMP product of sufficient purity 
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has not yet been manufactured. For example, assuming that the contaminant proteins 
contain an average 4% PHE, then a punty of greater than 88% GMP is required to give 
less than 0.5% PHE. 

5 For example ; EP A291264 discloses an industrial scale process for the purification of 
GMP from a mixture of a, (3 and k caserns whereby the caserns are subjected to enzymatic 
milk-coagulating treatment to obtain non-coagulate components as an effluent. The 
effluent is then kept or rendered acidic to form a precipitate and the remaining effluent 
subjected to a desalting treatment to produce a GMP with 82% punty. No ammo acid 

10 analysis data of the purified GMP is disclosed This process is further described in 
Tammoto et al 3 Biosci. Biotech. Biochem., 56(1), 140-141, 1992, which discloses a large- 
scale preparation of GMP from rennet casern whey. The whey was filtered and the filtrate 
desalinated and freeze dried to produce GMP powder having a PHE content of 2.4% w/w 
The GMP powder was further purified by Q-Sepharose ion-exchange cinematography to 

15 give a purified GMP with 0.9% w/w PHE. 

GB 2188526 discloses a process for producing a proteinaceous material from milk or 
casein-containing milk products at pH 4-6 using anion exchange chromatography No 
amino acid analysis data of the purified proteinaceous material is disclosed. 

20 

GB 225 1858 discloses a process for producing GM? from milk raw materials by adjusting 
the pH of the material to <4. contacting the solution with an anion exchanger, 
concentrating and desalinating the eluate to give a GMP a 51% purity. This product ma\ 
be further purified by ultrafiltration according to US 50^5424 (beiow) to produce GM? 
25 of 87% puntv. No ammo acid analysis data of the punned GMP is disclosed. 

Outinen et al, Milchwissenschaft 50( 10 )> 570-574, 1995, discloses a process for isolating 
GMP from cheese whey using an inexpensive poiystyrenic strong basic anion exchange 
resin at pH 5. The PHE content of the purified GMP was 0.9% w/w. Further purification 
30 of this product by TCA precipitation gave a PHE content of 0.63-0.79% w/w. 

US 5075424 discloses a process for producing GM? from milk starting materials at pH 
<4 by ultrafiltration. This process relies on the discovers' that GMP has a smaller 
apparent molecular weight at pH <4 than at pH 4 so that only GMP will pass through a 
35 10,000-50,000 molecular weight cut off membrane at pH <4. After ultrafiltration, the pH 
of the permeate is adjusted to pH >4 and subjected to a second ultrafiltration using a 
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membrane with a molecular weight cut-off of <:50,000 Da to give a GMP retentate which 
is 82% pure. No ammo acid analysis data of the purified GMP is disclosed. 

Kawasaki et al, Milch wis senschaft 48(4), 191-195, 1993 discloses a punfied GMP 
5 product using the method of US 5075424 having a PRE content of 0.6% w'w and a purity 
of 81%. 

Kawasaki et al, Milchwissenschaft 47(11), 688-693, 1992 discloses the same GMP 
product as above which is fractionated further by analytical chromatography systems ( size 
10 exclusion chromatology and anion exchange chromatography''. The purified GMP 
products had PHE content of 0. 1-0.3%. However, such analytical systems are not suitable 
for mass production. 

US 4042575 and US 4042576 each disclose a process of purifying glycoproteins 
15 (including GMP) by double ultrafiltration or flocculation of whey proteins followed by 
ultrafiltration. No ammo acid analysis data for the purified glycoproteins is disclosed. 

JP 04243398 discloses a process for producing GMP from cheese whey etc at pH 3-6 by 
heating, adding ethanol, centrifuging and loading the supernatant onto an anion exchange 
20 column and elutms GMP with 0.3M ammonium bicarbonate This process is also 
reported in J. Dairy Sci 74, 2831-2837, 1991, where ammo acid analysis data is given for 
the isolated GMP. However, PHE is not included in their analysis. 

AU 74081/91 discloses a process for producing GMP from a whey protein concentrate in 
25 which the proteins are flocculated, the supernatant concentrated by ultrafiltration and the 
retentate treated with ethanol to produce a precipitate and a second supernatant. The 
second supernatant is collected and dried to give GMP powder of 84% purity. No ammo 
acid data is disclosed. 

3C JP 3-294299 discloses a process for the manufacture of GMP from whey by heating a 
5-50 wt% solution of whey proteins followed by freezing and thawing. The supernatant 
is then separated, desalted and concentrated by ultrafiltration. No purity or ammo acid 
analysis data of the recovered GMP is given. 

35 WO 94/159252 discloses a method of producing GMP from whey using ultrafiltration, 
heat treatment of the retentate at 95°C for 15 minutes, adjustment of the pH to 4-5 filtering 



WO 98/14071 




PCT/NZ97/00125 



- 4 - 

and collecting GMP from the filtrate. The GMP is 70% pure and the PHE content is Vb 
that of the raw matenal. The exact concentration of PHE is not disclosed. 

EP 048858^ discloses a process for producing GMP by contracting milk raw materials 
5 with an ion exchanger, collecting the protein which does not adsorb on the ion exchanger, 
concentrating and desalting to obtain GMP of 55%-8S% purity. Mo amino acid analysis 
data is provided 

All of the aforementioned processes are aimed at producing ennched GMP fractions and 
10 are not necessarily concerned with reducing PRE content of the GMP as they are not 
concerned with producing diets for phenylketonuria. 

According to WO 93/17587, PHE may be removed from proteinaceous matenal such as 
whey protein by enzyme hydrolysis and ultrafiltration to remove unhydrolysed protein. 
15 The permeate containing mainly amino acids and small peptides is passed through a 
column of adsorption resin to remove PHE at pH 6- 7 i to give a product with 0.3% PHE) 
or pH 3-5 {'to give a product with <0. 1% PHE). Methods involving enzymanc hydrolysis 
of proteins such as this one cannot be used to purify GMP since they would degrade it to 
low molecular weight fractions. They are thus not suitable for producing purified GMP. 

20 

Smithers W et al. Food Australia 43(6), June 1991. 252-254 outlines a method of isolating 
GMP (CDP ) from cheese or rennet casern whey by selective adsorption at pK 5 using an 
anion exchanger. Non-bound proteins are then washed out of the exchanger using water 
and the GMP eluted with mild acid. The eluate is micro filtered to remove a contaminant 
25 and subsequently concentrated by ultrafiltration and dried to give a GMP powder stated 
to have >90% purity but no PHE analysis data is given. 

The present invention provides alternative methods of producing purified GMP having 
0.5% w/w or less PHE impurity on a production level scale. 

30 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to g* A some way towards achieving this 
desideratum or at least to offer the public a useful choice. 

35 
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Accordingly, the invention may be said broadly to consist in a process for the purification 
of GMP characterised in that the purified GMP has a PHE content of not greater than 
about 0.5%(w/w) which comprises: 

5 contacting a GMP contaming feedstock with a first anion exchanger under conditions 

to adsorb said GMP, 

eluting said adsorbed GMP from said anion exchanger and removing impurities from 
said GMP containing eluate by either: 

10 

i) contacting said GMP containing eluate with a cation exchanger in conditions 
under which said impurities in said eluate are adsorbed onto said cation 
exchanger, or 

15 ii) precipitating said impurittes in said GMP containing eluate using conditions by 

means of which said GMP remains in solution, or 

iii') contacting said GMP containing eluate with a second anion exchanger m 
conditions under which said impunities in said eluate are adsorbed onto said anion 
20 exchanger and, 

recovering said GMP from whichever one or more of said steps (i), (ii) or (iii) was 
used. 

25 In one alternative said conditions in said first anion exchanger are such that said GMP is 
adsorbed selectively. 

In another alternative said conditions in said first anion exchanger Lire such that both said 
GMP and other whey proteins in said feedstock are adsorbed and then said first anion 
30 exchanger is eluted under conditions which selectively elute said whey protems and then 
elute GMP. 

Preferably said condition for eluting said whey proteins or said impurities is obtained by 
adjusting said first anion exchanger to a pH of 4-5 if necessary and then using an 
35 appropriate eluent such as 20-60mM sodium chloride. 

The whey protein in the eluate may optionally be recovered as an additional product. 
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Preferably the feedstock tor said first anionic exchanger is a cheese or rennet whey, a UF 
retentate or a whey protein concentrate produced from a cheese or rennet whey or a whey 
protein isolate produced from one of these by an anion exchanger. 

5 Alternatively said feedstock has been pretreated to remove substantially all the whey 
proteins contained therein except GMP. 

Preferably said whey proteins have been removed by either heat treating said feedstock 
or contacting it with a cation exchanger. 

10 

In a further alternative said feedstock is derived from a casern or casemate product 
prepared by acid precipitation and has been treated with a suitable enzyme to release 
GMP m solution and precipitate casein. 

15 In one embodiment said GMP containing eluate from said first anionic exchanger is 
treated by said alternative (i) 

In a second embodiment said GMP containing eluate from said first anionic exchanger is 
treated with said alternative (if). 

20 

In a third embodiment said GMP containing eluate from said first anionic exchanger is 
treated with said alternative (iii). 

In another alternative said GMP containing eluate from said first anionic exchanger is 
25 treated with said alternative I i) followed by treatment with said alternative (if; 

In another alternative said GMP containing eluate from said first anionic exchanger is 
treated with said alternative [ ii) followed by treatment with said alternative (ij 

30 In another alternative said GMP containing eluate from said first anionic exchanger is 
treated with said alternative (i) followed by treatment with said alternative (iii). 

in a still further alternative said GMP containing eluate from said first anionic exchanger 
is treated with said alternative (iii) followed by treatment with said alternative ,'i). 

35 

Preferably said GMP containing feedstock is contacted with said first anionic exchanger 
at a pH between 3 and 9 
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More preferably, said pH is between 3.5 and 5. 

In one alternative said eiuent for desorbmg said GMP from said first anionic exchanger 
contains salt in a sufficient quantity to make the solution approximately 20-200mM and 
5 acid in a sufficient quantity to lower die pH to 2-3. 

In another alternative said eiuent for desorbing said GMP from said first anion exchanger 
contains salt m a sufficient quantity to make the solution about I75mM and base m 
sufficient quantity to raise the pH to about 8 to 9. 

10 

Preferably, said GMP containing eluate m alternative (i) is contacted with said canon 
exchanger at a pH between about 1.5 and about 4.5 and at a salt concentration of up to 
100 m\l. 

15 Preferably said salt is sodium chloride. 

Preferably said GMP is neutralised, concentrated by ultrafiltration and/or diafiltration 
pnor to drying. 

20 Preferably m said alternative (ii) said conditions are pH 3.5-4.5 attained by adding an acid 
or base to the GMP containing eluate. 

Preferably said acid is hydrochloric acid. 

25 Preferably said base is sodium hydroxide. 

Preferably after said precipitation step the mixture is centnfuged or microfiltered and the 
supernatant or permeate is either further processed according to alternative i) or is 
immediately neutralized, concentrated and dried to produce a GMP powder. 

30 

Preferably, m said alternative iii) said second anion exchanger is substituted with amino 
groups bearing a hydrophobic group. Preferably, said hydrophobic group is selected from 
the group consistmg of C b -C l2 hydrocarbon groups including aromatic hydrocarbons 
Preferably said hydrophobic group is a C i hydrocarbon group. 



35 
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Preferably, the GMP loaded firs: anion exchanger in the initial step is washed with a 
dilute salt solution, such as 50mM sodium chloride, prior to said GMP elution to remove 
impurities therefrom. 

5 Preferably in said alternative iii), said GMP containing eluatc is adjusted to a salt 
concentration of 125-200mM with a physiologically acceptable salt and the pH is at least 
7. 

Preferably the non-adsorbed GMP passing through said second anion exchanger is either 
10 further processed according to alternative i) or is immediately neutralised, concentrated 
by ultrafiltration and/or diafiltration and dried. 

In one alternative the GMP from the initial stage or alternative i) is concentrated by 
ultrafiltration before conducting alternative ii) or iii). 

15 

Preferably the process is conducted under conditions which promote a high yield. 

In another alternative the invention may be said broadly to consist in a process for die 
purification of GMP to a PHE content of not greater than about 0.5% fw/w) which 
20 comprises: 

contacting a GMP feedstock with an anion exchanger under conditions to adsorb 
selectively said GMP, and 

25 e luting selectively said adsorbed GMP from said anion exchanger leaving impurities 

on said anion exchanger, and 

recovering GMP from the GMP containing eluate. 

30 In this alternative, these conditions are used to selectively desorb said GMP from the 
anion exchanger leaving impurities on said anion exchanger m a single step by combining 
the initial step with alternative (iii). 

Preferably said GMP loaded first anion exchanger in the initial step is washed with a 
35 dilute salt solution, such as 50mM sodium chloride, prior to said GMP elution to remove 
impurities therefrom. 



WO 98/14071 CT/MZ97/00125 

- 9 - 

Preferably said anion exchanger is regenerated by eluting said impurities therefrom after 
said GMP eiution 

Preferably said GMP is selectively eluted with an eiuent having a pH of about 8-9 and a 
5 salt concentration of about 175mM. 

The invention may also be said broadly to consist in a method of purifying GMP from a 
GMP feedstock substantially as herein described with reference to figure 1 of the 
accompanying drawings and by reference to any example thereof. 

10 

The invention may also be said broadly to consist in GMP purified to contain no more 
than 0.5% w/w of PHE whenever prepared by a process as defined herein. 

More preferably the invention may be said broadly to consist in GMP purified to contain 
1 5 no more than 0.4% PHE whenever prepared by a process as defined herein. 

This invention may also be said broadly to consist in the parts, elements and features 
referred to or indicated m the specification of the application, individually or collectively, 
and any or all combinations of any two or more of said parts, elements or features, and 
20 where specific integers are mentioned herein which have known equivalents in the art to 
which this invention relates, such known equivalents are deemed to be incorporated herein 
as if individually set forth. 

The invention consists in the foregoing and also envisages constructions of which the 
25 following gives examples. 



BRIEF DESCRIPTION OF DRAWINGS 



One preferred form of the present invention wilt now be described with reference to the 
30 accompanying drawings in which: 

Figure 1 is a flow diagram showing the various alternative processes which may be used 
to purify GMP according to the invention. 

35 Figure 2 is a plot of yield and purity of GMP against pH showing the effect of pH of the 
GMP adsorption on the yield of GMP and its PHE value. 
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Figure 3 is a plot of time against the absorbance at 214 nm of proteinaceous material 
e luting off a Mono Q column at pH 8 with an increasing sodium chloride gradient for 
GMP containing impurities. 

5 Figure 4 is the same plot as figure 3 but for GMP after most of its sialic acid groups have 
been removed by hydrolysis. 



DETAILED DESCRIPTION OF THE INVENTION 



10 Figure 1 shows some of the ways in which alternative methods according to the invention 
may be combined before producing the final GMP powder as illustrated in the following 
examples. 

In an initial stage of GMP purification a GMP feedstock 16 is contacted with a first anion 
15 exchanger 10. Whey proteins (other than GMP) 18 are not adsorbed by die exchanger 10 
and are removed after the required contacting time. GMP in the eluate is then removed 
via Line 17 from the anion exchanger 10 which is washed and prepared for another cycle 
of GMP adsorption. 

20 Eluate in line 17, in one alternative, is fed along feed line 20 into cation exchanger 12 
In this case the conditions are adjusted so diat impurities are adsorbed and the GM? 
passes through the cation exchanger 12 along feed line 24 back to line 17 where it :> 
neutralised and passed to an ultrafilter 36 which may be subjected to diaflltration with 
liquid 37. The retentate is then dried in the drier 38 to produce GM? powder 4C. 

25 Impurities are eluted from cation exchanger 12 along with eluate 22. This is referred tc 
as alternative (i). 

In another alternative the eluate containing GMP in line 17 is passed to feed line 2 n . In 
one embodiment the pH of the solution in feed ime 27 is adjusted to >4 and subjected to 

30 ultrafiltration in the ultrafilter 26 and the permeate 25 is discarded. The retentate is 
passed through lines 46, 17, 43 and 51 to a precipitation vessel 50 and adjusted to about 
pH 4 by the addition of acid or base. The mixture is then passed along feed line 53 to 
centrifuge or microliter 52. The supernatant or permeate m line 55 is neutralised and 
returned to line 17 and treated as described above for alternative (i) to produce GMP 

35 powder 40. The precipitate or retentate 54 is discarded. In another embodiment the 
solution from line 17 is fed along lines 43 and 51 directly to the precipitating chamber 50 
This is referred to as alternative ('ii). 
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Alternatively, the GMP containing solution from feed line 17 may be fed along lines 43 
and 30 into a second anion exchanger 14. The conditions in the second anion exchanger 
are such that the GMP containing solution passes through and the impurities are adsorbed. 
In an alternative the GMP containing solution is first diverted from line 17, along line 27, 
5 neutralised and passed into an uitrafilter 26. The permeate 25 is discarded. The 
concentrated retentate from lme 46 is passed along lines 17, 43 and 30 into the anion 
exchanger 14. The GMP contaming solunon from second anion exchanger 14 is passed 
along lmes 34 and 17 to ultrafilter 36 which may be subjected to diafiltraticn with the 
diafUtration liquid 37. The retentate is then dried in dryer 38 to produce a GMP powder 
10 40. The adsorbed impurities in anion exchanger 14 are eluted and discarded in eluate 32. 
This is identified as alternative iii) of the process. 

Although the above descriptions indicate the preferred order m which purification steps 
may be used, they can be used in any order. 

15 
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EXAMPLE 1 - Comparative 

A cheese whey WPC powder (sold under the trade mark "ALACEN 392") containing 80% 
protein was reconstituted at 10% (w/w) solids (GMP concentration 14.2 mg/mL). The pH 
5 of this was adjusted sequentially to pH 5.3, 5.1, 4 9. 4.7, 4.2, 4.0 and 3.7 using 5 M 
hydrochloric acid. At each pH a 50 mL sample was removed and added to 23 g ( 33 mL) 
of anion exchanger (QA GiboCeP 1 , batch no. 1564 (Q2-H), Life Technologies Ltd, New 
Zealand) stirred for 40 minutes at room temperature while holding the pH constant with 
I M sodium hydroxide. The anion exchanger was then collected on a sintered glass filter, 

10 drained and washed with water. The filtrate and washings were combined and made up 
to 75 mL for analysis of residual GMP by HPLC using a Mono S™ (Pharmacia) column. 
The anion exchanger was transferred to a beaker to which was then added water, 5 M 
sodium chloride (1 mL) and 5 M hydrochloric acid to give a total volume of 50 mL at pK 
2. This was stirred for an hour after which time the exchanger was again collected on the 

1 5 filter, drained and washed with water to give a total volume of 60 mL of eluate ( combined 
filtrate and washings). This was analysed for GMP, a-lactalbumin and (3-lactoglobulin 
by HPLC using ion exchange ( Mono S™) and ge! filtration (Superdex 75™, Pharmacia) 
columns. The solutions of desorbed protein were neutralized, dialysed and freeze-dned. 
Samples of these were hydrolysed in 6 M hydrochloric acid at 1 10°C for 23 hours and 

20 1 10°C analysed for ammo acid composition. The % PHH values given herein are as a % 
of the total amino acids determmed m the hydrolysate. 

The results are given m Tables 1 and 2 and Figure 2. They show the difficulty of 
obtaining by ion exchange a GMP product with greater than 8S% purity and an amino 
25 acid composition with less than 0.5% PHE. This is particularly true using conditions 
which also favour a high yield of GMP. 
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TABLE 1 



Recovery of GMP from Cheese Whey WPC 



pH of protein adsorption 





3.7 


4.0 


4.2 


4.7 


4,9 


5.1 


5.3 


GMP unadsorbed (%) 


76 


60 


49 


12 


6 




1 


GMP eluted (%) 


17 


36 


49 


86 


90 


91 


89 


GMP accounted for (%) 


93 


96 


98 


98 


96 


93 


90 ! 


PHE (% of total ammo acids) 




0.52 


0.53 


C.69 


0.S2 


1.15 


i.93 ; 

j 



10 

TABLE 2 



Protein Composition of Products (%) 



pH of protein adsorption 





4.0 


4.7 


4.9 


5.1 


5.3 


GMP 1 


86. S 


82.6 


78.8 


68.9 


46.4 


a-lactalbumin : 


1.9 


-> — 

j. / 


3.7 


4.2 


3.8 


P-lactoglobulin 2 


1.0 


1.8 


4.-: 


12.8 


27. S 


Other 3 


10.3 


12.0 


13.1 


14.1 


22.0 



20 

1 Concentration in eluate measured using a Mono S™ column. 

2 Concentration in eluate measured usmg a Superdex 75™ column. 

3 Calculated from the % PHE in the ammo acid composition of the final product on the 
basis of the PHE content of ct-lactalbumin and (3-lactoglobulm being 4.2 and 3.2% 

25 respectively and assuming an average value of 4% PHE for ±e unidentified impurities. 

EXAMPLE 2 

A WPC powder (ALACEN 392™) manufactured from cheese whey was reconstituted at 
30 10% (w/w) solids. The pH of thus was adjusted to 4.9 with 5 M hydrochloric acid and I 
litre of it mixed for 40 minutes at room temperature with 460 g ( 660 mL; of washed and 
drained anion exchanger (QA GibcoCel^ 1 ) while maintaining :he pH at 4.9 This mixing 
was earned out in a vessel fitted with stirrer and a screen across the bottom. At the end 
of the mixing period the anion exchanger was drained and washed with water 
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Water was added to the drained anion exchanger to give a total volume cf 1 litre. Sodium 
chloride (20 mL of 5 M) was added to make the solution approximately 100 mM, and the 
pH was lowered to 2.0 with 5 M hydrochloric acid. This was mixed tor 1 hour at room 
temperature to desorb GMP and other protem from the exchanger and men drained and 
5 the exchanger washed with water to give 1 litre of GMP solution { filtrate and washings) 
at about pH 2 and 100 mM sodium chloride. The anion exchanger was then ready for use 
again. A 10 mL sample of the GMP solution was removed, neutralized, dialysed anc 
freeze-dried for PHE analysis. The remainder was passed through a 125 mL column of 
cation exchanger (SP GibcoCel™) which had been previously stirred and adjusted to pH 

10 2 prior to settling and packing as a column. The flow rate was 8 mL/mm. The last of the 
protein solution was flushed through the column with 125 mL )f water. The column 
breakthrough and washings were collected and combined to give a total volume of 1.125 
L of semi- purified GMP. HPLC analysis using a Mono Q^' column showed that 
oc-lactalbumin, p-lacto globulin and other material had been removed from the GMP. A 

15 10 mL sampie of mis GMP solution was removed, neutralized, dialysed and Ireeze-driec 
for PHE analysis 

The GMP solution was made 200 mM in sodium chloride by the addition of a further 25 
mL of 5 M sodium chloride and the pH adjusted to 8.5 with 2 VI sc dium hydroxide. This 

20 was then passed through a 140 mL column of QA GibcoCel™ which had been previously 
stirred in 200 mM sodium chloride and adjusted to pH 3.5 prior to settling and packing 
as a column. A flow rate of 10 mL/mm was used. The last of the protein solution was 
flushed through the column with 200 mM sodium chloride. The cammn breakthrough and 
washings were collected and combined to give 1.4 lures of purified GMP which was 

25 neutralized with 5 M hydrochloric acid. A sample (10 mL) was dialysed and freeze-dried 
for PHE analysis. The rest was concentrated by ultrafiltration, diafiltration and freeze 
dried. 

Analysis of the crude, semi-puniled and purified GMP solutions by UV absorption at 2 14 
30 nm showed that 83% of die 214 nm absorbing material passed through the SP and QA 
columns. Much of that lost can be attributed to impurities so that the recovery of GMP 
through alternatives (i) and (hi) was >S3%. Hie PHE contents of die GMT' samples taken 
at each of the three stages of the recovery and purification process were as follows. 

3 5 Initial Stage Protein desorbed from QA GibcoCel™ 0.97% PHE 



Alternative i) 
Alternative hi) 



Breakthrough from SP GibcoCel 



0.55% PHE 



Breakthrough from QA GibcoCel 



0.2.3% PHE 
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EXAMPLE 3 

This was the same as Example 2 except that the GMP was desorbed from the first anion 
exchanger at pH 2 in 75 miVl sodium chloride which was then passed through Lhe cation 
5 exchange column. This column passed solution (breakthrough solution) of GMP (1.12 
litres) was made up to only 175 mM m sodium chloride by the addition of 26 ml of 5 M 
sodium chloride prior to passage through the second anion exchange QA GibcoCel™ 
column (140 mL) at pH 8.5 

10 The PHE results were as follows: 

Initial Stage Protein desorbed from QA GibcoCel™ 1.0% PHE 

Alternanve i) Breakthrough from SP GibcoCel™ 0.48% PHE 

Alternative in) Breakthrough from QA GibcoCel™ 0. 16% PHE 



The overall yield of purified GMP was 7 0% of the GMP in the WPC powder. 

The amino acid compositions of the purified GMP and the theoretical value calculated 
from the primary strucrures of the A and B variants (1:1) were as follows: 

20 



15 
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TABLE 3 



AMINO ACID COMPOSITION OF PURIFIED GMP 


Amino Acid 


Theoretical value (%) 


Experimental Value (%) 


Asx 


7.6 


8.23 


Thr 


17.5 


16 58 


Ser 


8.1 


7.21 


Glx 


18 8 


19 h6 


Pro 


11.8 


11 ±\ 


Gly 


LO 


0 Cj S 


Ala 


6.3 


5 3i 


Cys 


0 


0 00 I 


Val 


9.0 


I 

S 6o 


Met 


1.9 


4*. 


He 


10.9 


10 ^3 


Leu 


I n 


2 50 


Tyr 


0 


0 OS 


Phe 


0 


0 16 


His 


0 


0 11 


Lys 


5.6 


5 32 


Arg 


0 


0 2^ 


Trp 


0 


0 0 



EXAMPLE 4 

25 

WPC powder (180 g of ALACEN 392™) manufactured from cheese whey was 
reconstituted at 10% solids (w/w) to give 1.8 kg of solution. It was adjusted to pH 4.8 
with 2 M sulphunc acid and mixed with 800 g (1.15 L) of QA GibcoCel™ at pH 4.8 for 
40 minutes at room temperature. The GMP depleted WPC was then drained from the 
30 anion exchanger and the latter washed with water and then resuspended in farther water 
to give a total volume of 1.8 L. This was made approximately "5 rmM m sodium chloride 
by the addition of 27 mL of 5 M sodium chloride, the pH adjusted to 2.0 with 5 M 
hydrochloric acid and then stirred for 1 hour at room temperature to desorb the GMP. 
This was drained from the anion exchanger which was washed with water to give 1.8 kg 
of solution of GMP, pH = 2.0 and 75 mM in sodium chloride 
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This GMP solution was passed through a 175 mL column of SP GibcoCeP' at pK 2 and 
followed by 175 mL of water. The flow rate was 15 mL/min. The first 100 mL of 
breakthrough from the column was discarded and the remaining 1.875 kg of breakthrough 
and wash water collected and neutralized to pH 7. Most of this semi-purified GMP 
5 solution was heated to 50°C and concentrated 5-6 fold by ultrafiltration using an Amicon 
spiral wound membrane cartridge (S1YM10) with a 10,000 molecular weight cut-off 
Samples of the retentate were further treated in two different ways. 

(a) Acidification and clarification 

10 The retentate 1 10 mL) was acidified to pH 4 with 5 M hydrochloric acid and left to stand 
while some of the precipitated impurities agglomerated. These were removed by 
centrifugation. The supernatant was neutralized, dialysed and ireeze-dried 

(b) Anion exchange column 

15 The retentate ( 1 1 mL) was made up to 170 mM by the addition of 0.22 mL of 5 M sodium 
chloride and shifted to pH 8.0 with 2 M sodium hydroxide. This was then passed through 
a 8 mL coiumn of QA GibcoCel™ over 1 hour and flushed through the column with 16 
mL of HO mM sodium chloride. The combined breakthrough and column washings were 
neutralized, dialysed and freeze-dried. 

20 

For comparative purposes a 65 mL sample of the unconcentrated semi-punfied GMP was 
made up to 1 70 mM sodium chloride, pH 8 adjusted and passed through another 8 mL 
column of QA GibcoCel™ over 2 hours. 

25 The PHE analyses gave the following results: 

.Alternative i) Prior to UF 0.5 1% PHE 

PostUF 0.55% PHE 

Alternatives i) and u) After UF and 

30 precipitation of impurities at pH 4 0.29% PHE 

Alternatives i) and iii) Final purification by QA GibcoCel column. 

With prior UF 0.30% PHE 

Without prior UF 0.33% PHE 



These results show that precipitation at about pH 4 (alternative ii) may be used to remove 
impurities as an alternative to passage through an anion exchange column at pH 8-9 
(alternative iii). 
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The amount of PHE containing impurities removed by this method was found to depend 
on the concentration of the solution and its pH. The impurities are partially soluble at pH 
3 - 4.5, and soluble outside this range. Their removal by precipitation is thus aided by 
concentration by ultrafiltranon prior to adjusting to pH 4. 

EXAMPLE 5 



A WPC powder (ALACEN 392™) manufactured from cheese whey was reconstituted at 
10% solids. The pH of this was adjusted to 4.75 with 5 M hydrochloric acid and 1 litre 
10 of it mixed with 460 g (660 mL) of washed and drained QA GibcoCeF' 1 while 
mamtaining the pH at 4.75 with 2 M sodium hydroxide. .After mixing for 40 minutes the 
GMP depleted WPC was drained through a screen at the bottom of the vessel and the QA 
GibcoCel™ washed with water and drained. 



15 The GMP was recovered from the anion exchanger as described m Example 2. except tiiat 
75 rruM sodium chloride was used (pH 2) and then without any adjustment passed through 
a 100 mL column of canon exchanger (SP GibcoCeP 1 ) as described in Example 2 to give 
1.1 litres of GMP solunon (column breakthrough plus wash water of 100 mL) 

20 The GMP solution was divided into two fractions of 0.55 litres. The sodium chloride 
concentration in each of these was increased from 68 mM to 175 and 200 mM by the 
addition of 1 1.8 and 14.5 mL of 5 VI sodium chloride, respectively. The solutions were 
then adjusted to pH 8.0 with 2 M sodium hydroxide and each passed through a 70 ml 
column of Q Sepharose Fast Flow™ (Pharmacia) which had been equilibrated to pH 8 m 

25 175 mM and 200 mM sodium chloride respectively prior to packing. The flow rate was 
5 mDrnin. The last of the GMP solution was washed through the column with 70 mL of 
175 mM and 200 mM sodium chloride respectively to give 0.62 litres of column 
breakthrough and washings. These were neutralized and samples dialysed and freeze 
dried. 



30 



5 
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The PHE analysis results from the GMP powders were as follows: 

Initial Stage 0.68% PHE 

Alternanve i) 0.41% PHE 

Alternative 0 and in) using 200 mM NaCl 0.2 1% PHE 

using 175 mMNaCl 0.13% PHE 



Chromatography of the GMP products on a Mono Q™ column showed that only the 
0. 13% PHE product was free of material elutmg from the Mono Q™ column after GMP 
10 (See Example 11). There were still traces of these impurities in the 0.21% PHE product. 



EXAMPLE 6 



This was the same as Example 5 except that alternative i), the intermediate cation 
exchange column (SP GibcoCel), was omitted. The two final GMP products from the Q 
Sepharose Fast Flow™ columns gave PHE results of 0.41 arid 0.32% respectively. 
Approximately 0.2% PHE can be attributed to the c-lactalbumin (3.7%) and 
P-lactoglobulm (1.8%) remaining in this type of product. 



20 EXAMPLE 7 

This was the same as Example 2 except that the GMP adsorption by die first anion 
exchanger (QA GibcoCel™) was carried out at pH 4.2 instead of 4.9. The 1 litre of GMP 
solution recovered at pH 2 and 100 mM NaCl (mostly glycosylated GMP) was divided 
25 into two 500 mL fractions. 



(a) Purification through SP and QA Columns 

One 500 mL fraction was passed through a 40 mL column of SP GibcoCel™ over 
2 hours and then adjusted to pH 8.5 and 175 mM sodium chloride and passed 
30 through a 40 mL column of QA GibcoCel^ 1 as previously described. 

(b) Purification through QA column only 

The other 500 mL fraction was adjusted to pH 8.5 and 175 mM sodium chlonde 
and passed through a 40 mL column of QA GibcoCel ,M 
35 .Analyses of samples taken at the various stages gave die following results: 
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TABLE 4 



Purity and Yield of GMP Products 





PHE 


Yield 1 


Yield' 


Sialic Acid 




(%) 


(%) 


(%) 


(%) 


Initial Stage GMP 


0 53 


51.0 


49.0 


Initial Stage GMP after: 










Alternative i) only 


0 38 


48.8 


47.3 




Alternative in) only 


0 22 


45.0 






Alternatives i) and iii) 


0 15 


44.6 




12.7 



10 

' Calculated from absorbance readings at 214 rim and using a value of 140 for a 1% 

solution of pure GMP. 
2 Analysis of GMP using a Mono S™ column. The load solution had a concentration of 
15 14.2 mg GMP/mL. 

EXAMPLE 8 

GMP was adsorbed from 1 litre of 10% (w/w) reconstituted Vv PC (ALACEN 392™) at 
20 pH 4.8 by QA GibcoCel™ using the same techniques as in Example 2 The GMP was 
then desorbed from the drained and washed anion exchanger by a 2 stage elution as 
follows: 

(a) Elution 1 

25 Water was added to the anion exchanger to give a total volume of 1.1 litres. 

Aqueous sodium chloride (4 mL of 5 M) was added to make the solution 
approximately 20 mM, and the pH was lowered to 3.2 .After stimng for 1 hour 
the desorbed GMP solurion was drained from the anion exchanger which was 
washed with 20 mM sodium chloride to give 1 litre of recovered GMP, (mostly 

30 aglyco-macropeptide). This was adjusted to pH 3.9 with 2 M sodium hydroxide 

and clarified by centnfugation. The supernatant (940 mL) was then passed (over 
2 hours) through a 120 mL- column of SP GibcoCeP 1 which had been 
pre-eqiuhbrared at pH 3.9 m 20 mM sodium chloride. It was washed through with 
water to give 1.12 litres of column passed solution. A sample of this, and other 

35 GMP solutions from earlier m the process, were neutralized, dialysed and 

freeze -dried for PHE analyses. The results are shown m Table 4 below; 



10 
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(b) Elution 2 

After the first elution of protein from the QA GibcoCel™ it was again mixed with 
water to eive a total volume of 1. 1 litres. The sodium chloride was raised this time 
to approximately 200 mM by the addition of 20 mL of 5 M sodium chloride and 
the pH lowered to 3.0 to complete the recovery of GMP (mostly glycosylated) and 
other protein from the exchanger. .After stirring for 1 hour the protein solution was 
drained from the exchanger and washed out with 200 mM sodium chloride to give 
1 litre of recovered GMP This was adjusted to pH 8.5 with 2 M sodium 
hydroxide and made up to 250 mM by the addition of a frrrther 10 mL of 5 M 
sodium chloride. It was then passed through a pre-equiiibrated column of QA 
GibcoCel™ (120 mL) over 2 hours and washed through with 250 mM sodium 
chloride to give 1.24 litres of solution. Samples were again taken for PHE analysis 
and the results are shown m Table 4: 



15 



TABLE 5 



20 



Purity and Yield of GMP Products > 




PHE 


Yield 


Sialic Acid 




(%) 


(%)* 


(%) 


Eluate 1 Protein desorbed at pH 3,2/20 mM NaCl 


1.19 


63 


2.6 


Supernatant from pH 3.9 cenmfugation 


0.9S 


55 




Breakthrough from SP GibcoCel™ column 


0.31 


43 


2.6 


Eluate 2 Protein desorbed at pH 3.0/200 mM NaCl 


0.51 


37 




Breakthrough from OA GibcoCel 174 column 


0.28 


33 


17.4 



25 * Yield of 214 nm absorbing material as a % of the total eluted, ic. eluates 1 & 2 = 100% 



EXAMPLE 9 



(a) A WPC powder (ALA C EN 392) manufactured from cheese whey was 
reconstituted at 10% soiids and the pH adjusted to 4.7 with 5 M hydrochloric acid. 
This solution (1 Kg) was mixed with 460 g (660 mL) of washed and drained QA 
GibcoCel whilst maintaining the pH at 4.7 with 2 M sodium hydroxide. After 40 
minutes the GMP depleted VVPC was drained through a screen at the bottom of the 
vessel and the retained ion exchanger washed with water. 



35 
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The settled bed of QA GibcoCei was then washed with 1660 mL of 50 mVl sodium 
chloride solution. Further 50inM sodium chloride was then added to give a total 
volume in the vessel of 1 litre. This was stirred and the pH adjusted to 8.5-9.0 
with 2 M sodium hydroxide. After about 10 minutes 35 mL of 5 M sodium 
chloride was added to raise the sodium chloride concentration from 50 to 175 mM 
to selectively elute the GMP. Mixing was continued for a further 30 minutes, 
whilst maintaining the pH at 8.5. The GMP containmg eluate was then drained 
from the vessel and the bed of QA GibcoCei washed with 2 bed volumes (1320 
mL) of 175 mM sodium chloride over 30 minutes to continue the elution of GMP. 
The total eluate (2 L), containing 71% of the GMP with 0.37% PHE, was 
concentrated by ultrafiltration, diafiltration and freeze-dned. 

The QA GibcoCei was further treated to recover the remaining protein by adding 
water, adjusting the pH to 2.0 and mixing for a total time of 60 minutes. The 
eluted protein solution was drained and die ion exchanger washed with water. 

(b) The above process was repeated except that the selective elution was earned ou: 
m 150mM sodium chloride instead of 175mM. 

The GMP concentrations m the process, streams at each stage were determined by 
analysis on a Mono S column to determine the losses and yield of GMP. These results 
along with those from amino acid analyses on the final products are shown in Table 6 

TABLE 6 



Purity and Yield of GMP 





Yield (%)* 


PHE% 


GMP depleted WPC and wash. 


13 




Salt wash. 


4 




Selective elusions 






(a)(i) pH 8.5/175 mMNaCl 


-71 


0.37 


(ii) pH2.0/*100mMNaCl 


14 


1.9 


(b) pH 8.5/150 mM NaCl 


5S 


0.26 



* Based on the GMP present in the reconstituted WPC. 
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EXAMPLE 10 

A WPC powder (ALACEN 392) manufactured from cheese whey was reconstituted at 
7.5% solids. The pH of this was adjusted to 4.75 with 5 M hydrochloric acid and 1 Kg 
5 of it mixed with 350 g (500 mL) of washed and drained QA GibcoCel while maintaining 
the pH at 4.75 with 2 M sodium hyroxide. After mixing for 40 minutes the GM? 
depleted WPC was drained through a screen at the bottom of the vessel and the retained 
ion exchanger washed with water. The bed of QA GibcoCel was then washed with 1250 
mL of 50 mM sodium chloride solution to desorb mainly contaminating proteins. Thus 
10 was followed by a water wash of 250 ml which was drained completely from the ion 
exchange bed. 

Water was added to the GMP loaded QA GibcoCel to give a total weight of 750 g. 
Sodium chloride (9 mL of 5 M) was added to make the solution approximately 60 mM, 
15 and the pH was then lowered to 2.0 with 5 M hydrochloric acid. This was mixed for 1 
hour at room temperature. The eluted protein was drained from the bed of exchanger 
which was then v\ ashed with water to give 900 mL of GMP solution with a sodium 
chloride concentration of 50 mM and about pH 2. This was neutralized to pH 9 with 
2 M sodium hydroxide and divided in two equal fractions 

20 

(a) Half the GM? solution (450 mL) was made up to 150 mM sodium chloride by the 
addition of a further 9 mL of 5 M sodium chloride and passed through a 50 mL 
column of OA GibcoCel pre-equilibrated to pH 9 in 150 mM sodium chloride prior 
to packing as a column. A flow rate of 4 mL/min was used The last of the GMP 

25 solution was flushed through the column with 50 mL of 150 mM sodium chloride 

to give 500mL of purified GMP which was neutralized. 
( b) The other half of the GMP solution (450 mL) was left at 50 mM sodium chloride 
strength and passed at 4 mL/min through a 50 mL column of DMO cellulose 1 pre- 
equilibrated to pH 9 in 50 mM sodium chloride prior to packing as a column. Fifty 

30 millilitres of 50 mM sodium chloride was used to Hush the last of the GMP 

solution through the column to give 500 mL of purified GMP solution. 

Small samples of GMP containing soluuons were kept for GMP analysis by ion exchange 
on a Mono S column or dialysed, freeze-dried and hydrolysed for phenylalanine analysis 
35 by ammo acid assays. The results are shown in Table 7. 

rj'MO jclluiosj was a dimcthvloctylamino cciluiosc preprcc in liu: Uboratcry from II? GibcoC;l' v -.ism a :r.c mdhrrt :i 
I. Magneto cui/. J 3iochcm. V, 535-540 (1980) to prepare: in cpfxv-acJ:vatcd =dlu:ose Thin *w then coaled v.r.h 
M.N-d:.ncthv:ootviaminc in aqueous cthanol to give DMO cellulose «\:ih a substitution :c\ci oJ S -.ncn'c ■..>: u-jq nl.j 
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TABLE 7 



Purity and Yield of GMP 




Yield (%)* 


PHE'/o 


GMP depleted WPC and wash. 


5 0 




Salt wash. 


5.5 




Initial Stage 


82 


0.76 


Alternative (iii) using 






(a) QA GibcoCel in 150 mM NaCl 


71 

i 


0.40 


(b) DMO Cellulose in 50 mM NaC 1 


71 


0.2S 



Based on the GMP present in the reconstituted WPC. 



EXAMPLE 11 

15 Cheese whey WPC powder was reconstituted to give 2 litres of a 10% (w/w) solution. 
This was heat treated to precipitate the whey proteins except for GMP and cenmruged at 
90°C. One litre of the GMP containing supernatant was then adjusted to pK 4.S and 
treated with 660 ml of QA GibcoCel™ and the GMP obtained further punned as 
described in Example 3. Samples (10 niL) v\ere taken at each stage, neutralized, dialysed 

20 and ffeeze-dned. PHE analyses gave the following results: 

PHE % 

Supernatant from heat treated WPC 2.15 
Initial Stage Protein desorbed from QA GibcoCel 1 " 1 1.03 

.Alternative i) Breakthrough from SP Gibcocel™ 0.34 

25 Alternative i) and iii) Breakthrough from QA column 0.31 

EXAMPLE 12 

Most of the GMP samples produced in the proceeding examples were analysed by amen 
30 exchange chromatography using a Mono Q PC™ 1.6/5 column coupled to a Pharmacia 
SMART™ System. Samples (2 mg/mL) were dissolved in 0.01 Ins buffer at pH 8.0. The 
Mono Q™ column was equilibrated and run under the following conditions using: 
Buffer A: 0.01 M Ins, pH S.O and Buffer B: 0.01 M Tris, 1 M NaCl, pH 8 0 
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TABLE 8 



Gradient Table 


Time min 


Flow u.L/min 


%A 


%B 


0 


80 


90 


10 


12.5 


80 


72 


28 


18.0 


80 


50 


50 


20.0 


80 


0 


100 


23.0 


80 


0 


100 


26.0 


80 


90 


10 


31.0 


0 


90 


10 



Figure 3 shows a typical chromatogram obtained for the GMP samples obtained m 
15 alternative i) of the process as set out in Examples 2 and 3. i.e. the protein desorbed from 
the QA GibeoCel™ and passed through the SP GibcoCel™ column at pH 2. 

The peaks eluting between 4 and 13 minutes were mainly GMP. i.e. the A and B variants 
of the aglyco and variously glycosylated forms of the macropeptide obtained from 

20 K-casein. The peaks eluting after 13 minutes were not GMP and these impurities gave rise 
to significant levels of PHE in the GMP obtained from a single stage extraction of GMP 
from cheese and rennet casern wheys and retentates by ion exchange. When 
ct-Iactalburmn, BSA, P-lactoglobulm and these other lmpunnes were removed from the 
GMP by a multistage process, such that they were no longer detectable by 

25 chromatography on a Mono Q™ column, then GMP was obtained with < 0.2% PHE in 
its ammo acid composition. Complete removal of the peaks eluting between 13 and 15 
minutes was not always achieved resulting in products with 0 2 to 0.4% PHE. Such 
products have been readily obtamed on a 200 litre scale using GilxoCeP'" exchangers 
with retentates and reconstituted WPC powders from rennet casein whey and various 

30 kinds of cheese wheys. The distribution and size of the peaks in the 13-15 minute range 
varied with different whey types but the bulk of them were removed by the processes set 
out in these examples so that the PHE content of the final product was not affected by 
these differences. 
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EXAMPLE 13 

This was the same as Example 3 except that the semi-purified GMP. obtained after 
passage of the GMP through the SP GibcoCel™ column at pH 2 in 75 mM sodium. 
5 chloride, was heated for 20 minutes at 80°C to hydrolyse the sialic acids groups off the 
various glyco forms of the macropeptide. 

After cooling, 3 x 360 mL fractions of this hydrolysed solution were made up to 125, 150 
and 175 mM in sodium chloride by the addition of 4, 5.8 and 7.6 mL of 5 M sodium 

10 chloride respectively. Each of these fractions was then adjusted to pH S.O and passed 
through a 40 mL column of QA GibcoCel™ previously adjusted to pH 8.0 m 125, 150 or 
175 mM sodium chloride prior to settling as a column. The flow rate was 3 mL/'min. The 
last of each GMP solution was flushed through the column with the appropriate strength 
of sodium chloride to give 400 mL of purified GMP solution. Samples of each solution 

15 were diluted 1 m 100 with water and the absorbance at 214 run measured :o estimate the 
GMP concentration using a value of 140 for the absorbance of a 1% solution of pure GMP 
at 214 run. The results m Table 3 validate tins method of analysis for very pure samples 
of GMP. Other samples were neutralized, dialysed and freeze-dried for PHE analysis 

20 Figure 4 shows the Mono Q' 1 ^' chromatogram for this hydrolysed GMP and the very large 
separation now between the two mam asialyo GMP peaks and die PHE containing 
impurities at 13-15 minutes. This made it possible to use lower salt strengths for the QA 
GibcoCeP-' column to bind these impurities in alternative in) without aUo binding the 
GMP. The results in Table 9 show that the sodium chloride concentration in the range 

25 125-175 mM is not particularly critical to die performance of the anion exchange column 
used in this alternative of the process. 
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TABLE 9 





PHE% 


yield% 1 


sialic acid% : 


GiMP from initial stage 


1.0 






Hydrolysed GMP from alternative i) 


0.48 






GMP from 175 mM NaCl QA column 


0.20 


74 




GMP from 150 mM NaC 1 QA column 


0.14 


70 


1.2 


GMP from 125 mM NaCl QA column 


0.16 


66 


- 



10 1 Yield of the GMP that was present in the WPC at the start. 

2 The final GMP obtained in Example 2 (no hydrolysis) had a sialic acid content of 5.4%. 

EXAMPLE 14 

15 A WPC powder (ALACEN 392™) manufactured from cheese whey was reconstituted in 
demineralised water at 15%(w/v) solids to give 1700 L of reconstituted retentate. The pH 
of this retentate was adjusted to pH -.75 with 29 L of 10% HC1 and 160 L of it mixed 
with 150 L of anion exchanger (QA GibcoCel™) in a bed of water. The pH was 
maintained at 4.75 whilst continuing this mixing for 30 minutes at 10° m a vessel fitted 

20 with a stirrer and a screen across the bottom. At the end of the mixing penod the GMP- 
depleted retentate was drained from the anion exchanger which was then washed with 
water. 

Demineralised water was added to the washed anion exchanger to give a total volume of 
25 300 L. Cheese salt was added to make the solution approximately 55 mM in sodium 
chloride and the pH was lowered to 2.0 with 10% HC1. This was mixed for 1 hour a: 
10°C to desorb the GMP and other protein from the exchanger and then the exchanger was 
drained and washed to give 250 L of eluate and washings. Nine further cycles were 
carried out in this manner to give a total of 2500 L of GMP eluate. 

30 

The GMP eluate, at pH 2.0 and 55 mM sodium chloride, was passed at 250 L/hr and 1C°C 
through a column containing 80 L of canon exchanger (SP GibcoCel™) which had been 
previously stirred and adjusted to pH 2 prior to settling as a column. The eluate was 
flushed through the column with 80 L of water. 

35 
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The GMP solution that had passed through the cation exchanger was made 175 mM in 
sodium chloride by the addition of 1 1 kg of sodium chloride and then the pH was adjusted 
to pH 8.5 with 10% sodium hydroxide. This was then passed at 475 L/hr and 10°C 
through 150 L of QA GibcoCel™ which had been previously stirred in 175 mM sodium 
5 chloride and adjusted to pH 8.5 prior to settling and packing as a column. The last of the 
GMP solution was flushed through the column with 175 mM sodium chloride. 

The GMP solution (2800L) that had passed through the anion exchanger was neutralised 
to pH 6.7 with 1.3L of 10% HCi. It was then ultrafiltered at 10°C in batch mode to 
10 VCF 15 using two 4" diameter Koch HFK328 UF membranes. Three diafiltranon steps, 
each of VCF 2, were then carried out after which the permeate conductivity was 2 mS. 
A final concentration stage was then carried out to lift the retentate refractive index to 
16°Br. 

15 The GMP retentate (150 L) was spray dried on an Anhydro Integral Fluid Bed drier to 
give 26kg of powder containing 82.6% protein (dry basis). The PHE content of the 
powder was 0.24% of protein. 

INDUSTRIAL APPLICABILITY 

20 

The process of the present invention is capable of being applied to the mass production 
of GMP having a PHE content of not greater than about 0.5%(\v/'w), such punned GMP 
bemg suitable for use in the manufacture of low PHE diets for PKU panents. 
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CLAIMS 



1. 

5 

10 
15 
20 
25 

2. 

30 3. 



A process for the purification of GMP characterised in that the purified GMP has 
an amino acid composition containing not greater than about 0.5%(w'\v) 
phenylalanine (PHE) comprising: 

contacting a GMP containmg feedstock with a first anion exchanger under 
conditions to adsorb said GMP, 

eluting said adsorbed GMP from said anion exchanger and removing impurities 
from said GMP containing eluate by either: 

i) contacting said GMP containing eluate with a cation exchanger in 
conditions under which said impurities in said eluate are adsorbed onto said 
cation exchanger, or 

ii) precipitating said impurities in said GMP containing eluate using conditions 
bv means of which said GMP remains m solution, or 

iii) contacting said GMP containing eluate with a second anion exchanger in 
conditions under which said impurmes m said eluate are adsorbed onto said 
anion exchanger and, 

recovering said GMP from whichever one or more of said steps (i), (ii) or (iii) was 
used. 

A process according to claim i, characterised in that said conditions in said first 
anion exchanger are such that said GMP is adsorbed selectively. 

A process according to claim I, characterised in that said conditions in said first 
anion exchanger are such that both said GMP and other whey proteins in said 
feedstock are adsorbed and then said first anion exchanger is elated under 
conditions which selectively elute said whey proteins and then elute GMP. 

A process according to any preceding claim, characterised in that said conditions 
for eiuung said whey proteins or said impurities is obtained by adjusting said first 
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5. 

5 



6. 

10 

7. 

15 

8. 

20 

9. 



anion exchanger to a pH of 4-5 if necessary and then using an appropnate eluenr 
such as 20-60 mM sodium chloride. 

A process according to any preceding claim, characterised in that the feedstock for 
said first anionic exchanger is a cheese or rennet whey, a UF retentate or a whey 
protein concentrate produced from a cheese or rennet whey, or a whey protein 
isolate produced from one of these by an anion exchanger. 

A process according to claim 5, characterised in that said feedstock has been 
pretreated to remove substantially all the whey proteins contained therein except 



A process according to claim 6, characterised in that said whey proteins have been 
substantially removed by either heat treating said feedstock or contactmg it with 
a cation exchanger. 

A process according to any one of claims 1-4, characterised in that said feedstock 
is derived from a casein or caseinate product prepared by acid precipitation and has 
been treated with a suitable enzyme to release GMP in solunon and precipitate 
casein. 

A process according to any preceding claim, characterised in that said GMP 
containing eluate from said first anionic exchanger is treated by said alternative (l). 

A process according to any one of claims 1-8. characterised in that said GM? 
containing eluate from said first anionic exchanger is treated with said alternative 



A process accordmg to any one of claims 1-8. characterised in that said GM? 
containing eluate from said first anionic exchanger is treated with said alternative 
(in). 



(ii)- 



35 



12. 



A process according to any one of claims 1-8. characterised in that said GM? 
containing eluate from said first anionic exchanger is treated with said alternative 
(i) followed by treatment with said alternative (ii ). 
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A process according to any one of claims 1-8, characterised in that said GMP 
containing eluate from said first anionic exchanger is treated with said alternative 
(ii) followed by treatment with said alternative(i). 


5 


14. 


A process according to any one of claims 1-S, characterised in that said GMP 
containing eluate from said first anionic exchanger is treated with said alternative 
(i) followed by treatment with said alternative i hi). 


10 


15. 


A process according to any one of claims 1-S, characterised in that said GMP 
containing eluate from said first anionic exchanger is treated with said alternative 
(111) followed by treatment with said alternative (i). 


15 


16. 


A process according to any precedmg claim, characterised in that said GMP 
containing feedstock is contacted with said first anionic exchanger at a pH between 
3 and 9. 




17. 


A process according claim 16 7 characterised in that said pH is between 3 .5 and 5. 


20 


18. 


A process according to any preceding claim, characterised in that said eiuent for 
desorbing said GMP from said first anionic exchanger contains salt in a sufficient 
quantity to make the solution approximately 20-200mM and acid in a sufficient 
quantity to lower the pH to 2-3. 


25 


19. 


A process according to any one of claims 1-10, 12, 13. 16 and 17 characterised in 
that said eiuent for desorbing said GMP from said first anion exchanger contams 
salt in a sufficient quantity to make the solunon about 175mM and base in 
sufficient quantity to raise the pH to about 8 to 9. 


30 


20. 


A process according to any one of claims 1-9 and 12-1 S. characterised in that said 
GMP containing eluate in alternative (i) is contacted with said cation exchanger 
at a pH between about 1.5 and about 4.5 and at a salt concentration of up to 
lOOmM. 


35 


21. 


A process according to any one of claims 18-20, characterised in that said salt is 
sodium chloride. 
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22. A process according to any preceding claim, characterised in that said GMP :s 
neutralised, concentrated by ultrafiltration and/or diafiltration prior to drying. 

23. A process according to any one of claims 1-3, 10, 12 and 13-17, characterised in 
that in said alternative (ii) said conditions are pH 3.5-4.5 attained by adding an 
acid or base to the GMP containing eluate. 

24. A process accordmg to claim 23, characterised m that said acid is hydrochloric 
acid. 

25. A process according to claim 23, characterised in that said base is sodium 
hydroxide. 

26. A process accordmg to any one of claims 23-25, characterised in that after said 
15 precipitation step the mixture is centnfuged or micro filtered and the supernatant 

or permeate, is either further processed accordmg to alternative i) or is immediately 
neutralized, concentrated and dried to produce a GMP powder. 

27. A process accordmg to any one of claims 1-8, 1 1 and 14-18, characterised in that 
20 in said alternative in), said second amon exchanger is substituted with ammo 

groups bearing at least one hydrophobic group. 

28. A process accordmg to claim 27, characterised in that said at least one hydrophobic 
group is selected from the group consisting of aliphatic and aromatic C 6 -C i: 

25 hydrocarbon groups. 

29. A process according to claun 28, characterised in that said hydrophobic group is 
a C 3 hydrocarbon group 

30 30. A process according to any one of claims 1-8, 11, 14-18 and 27-29, characterised 
m that the GMP loaded first amon exchanger in the initial step is washed at pH 4-5 
with a dilute salt solution poor to GMP elution. 



35 



31. 



A process accordmg to claim 3Q r characterised -n that the dilute salt solution 
50 mM sodium chloride. 
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32. 
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34. 
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35. 

15 

36. 

20 37. 

25 

30 

38. 



A process according to any one of claims 1-8, 11. 14- IS and 27-3 I, characterised 
in that in said alternative iii), said GMP containing eluate is adjusted to a salt 
concentration of 40-200 mM with a physiologically acceptable salt and the pH is 
at least 7. 

A process according to claim 32, characterised in that said salt is sodium chloride. 

A process according to claim 32 or 33, characterised in that the non-adsorbed GMP 
passing through said second anion exchanger is either further processed according 
to alternative i), or is immediately neutralised concentrated by ultrafiltration and/or 
diafiltration and dried. 

A process according to any one of claims 1-8 and 10-34, characterised m that the 
GMP from the initial stage or alternative i) is concentrated by ultrafiltration before 
conducting alternative ii) or iii). 

A process according to any preceding claim, characterised m that the process is 
conducted under conditions which promote a high yield. 

A process for the purification of GMP characterised in that the purified GMP has 
a PHE content of not greater man about 0.5%( w<\v) which comprises: 

contacting a GMP feedstock with an anion exchanger under conditions to 
adsorb selectively said GMP, and 

eluting selectively said adsorbed GMP from said anion exchanger leaving 
impurities on said anion exchanger, and 

recovering GMP containing eluate. 

A process according to claim 37. characterised in that said GMP loaded anion 
exchanger is washed with a dilute salt solution to remove impurities therefrom 
prior to said GMP elution. 



35 39. 



A process according to claim 38, characterised in that said dilute salt solution is 
50 mM sodium chloride. 
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5 41. 



42. 

10 



A process according to any one of claims 37-39, characterised in that said anion 
exchanger is regenerated by eluting said impurities therefrom after said GMP 
elution. 

A process according to any one of claims 37 to 40, characterised in that said GMP 
is selectively eluted with an eluent having a pH of about 8-9 and a salt 
concentration of about 175mM. 

Purified GMP characterised in that the GMP is purified to contain no mors than 
0.5%w/w of PHE whenever prepared by a process as claimed in any preceding 
claim. 



15 



43. 



Purified GMP characterised in that the GMP is purified to contam no more than 
0.4%w/w of PHE whenever prepared by a process as claimed m any one of claims 
1-41. 
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